Introduction
Formation of a shared fusion pore between the membrane of a synaptic vesicle and the presynaptic plasma membrane enables discharge of neurotransmitter from the synaptic vesicle lumen into the synaptic cleft to mediate synaptic impulse transmission. The formation of the fusion pore is preceded by a succession of events that begins prior to impulse activity. Initially, the synaptic vesicle is directed to a specialized active zone on the presynaptic membrane, where the vesicle membrane is held in contact with, i.e. 'docks' on, the presynaptic membrane. The docked synaptic vesicle is then 'primed', bringing the vesicle membrane and presynaptic membrane at their contact site towards fusion threshold. Arrival of the impulse increases the conductance of Ca 2þ through voltage gated Ca 2þ -channels clustered in the presynaptic membrane at the active zone, raising the local concentration of Ca 2þ in the cytosol. Binding of Ca 2þ to Ca 2þ -sensors of the vesicle membrane triggers fusion/merging of the vesicle membrane and presynaptic membrane at their contact site, which then spontaneously leads to the formation of the fusion pore [1] . Biochemistry and electrophysiology have provided much information about the proteins and biophysical mechanisms regulating each of these events [2 -4] . In addition to docked synaptic vesicles and Ca 2þ -channels, active zones include aggregates of macromolecules bound to the cytosolic surface of the presynaptic membrane. The size, shape and number of such aggregates at an active zone as well as the gross arrangement of docked synaptic vesicles relative to them can vary from one synaptic type to another within an animal species and for the same synaptic type between species. Some are named according to a distinctive structural feature, such as ribbons [5, 6] , or T-bars [7] [8] [9] , but all are thought to have shared functions and can generally be referred to as active zone material (AZM). AZM is seen in greatest detail by electron microscopy in sections cut from fixed, plastic embedded tissue, where it is stained with heavy metals. It was discovered approximately 60 years ago using 2D transmission electron microscopy [10] [11] [12] . Based on its association with synaptic vesicles, it was suggested relatively soon thereafter that, among other possibilities, AZM directs synaptic vesicles towards the presynaptic membrane and holds them in readiness & 2015 The Author(s) Published by the Royal Society. All rights reserved.
for the arrival of a nerve impulse (e.g. [5, 13] ). These hypotheses were strengthened by later observations that synaptic vesicle fusion with the presynaptic membrane occurs just alongside AZM [14, 15] . This laboratory's more recent adaptation of electron tomography for studying the structural relationships of cytosolic macromolecules in individual tissue sections [16] [17] [18] has made it possible to test and extend these hypotheses [17, [19] [20] [21] . Macromolecules composing AZM are much thinner than the thinnest tissue section that can be cut (approx. 30 nm), and, for much of the AZM, they are densely packed. Thus, it is difficult to distinguish individual AZM macromolecules and examine their associations in an image from a tissue section obtained by conventional 2D electron microscopy, because the image lacks depth axis spatial information. Electron tomography provides a 3D reconstruction of a section by using a series of 2D electron microscopy projections collected at different tilt angles to obtain volumetric data [22] . Relationships of structures within a reconstructed section can then be examined either in serial virtual slices made through the reconstructed volume, each of which can be as much as 100-200 times thinner than a 30 nm thick tissue section, or in 3D surface models generated by segmenting structures of interest from the reconstructed volume [18] . This laboratory has used electron tomography to study, at 2 -3 nm 3D spatial resolution, the relationships of AZM macromolecules to each other, to synaptic vesicles and to the presynaptic membrane at the simply arranged active zones of axon terminals at frog neuromuscular junctions fixed at rest or during synaptic activity. Altogether the findings indicate that the AZM at frog neuromuscular junctions is a multifunctional organelle that regulates the docking, priming and Ca 2þ -triggering that leads to synaptic vesicle fusion with the presynaptic membrane after the arrival of a nerve impulse.
Material and methods
The studies were done on frog striated muscles (cutaneous pectoris). In most cases, the muscles were fixed with buffered glutaraldehyde and stained with buffered osmium tetroxide at room temperature. The osmolarity of each solution was the same as that of frog Ringer's solution. In some cases, the muscles were fixed with glutaraldehyde or by rapid freezing and then stained with osmium tetroxide and uranyl acetate by freezesubstitution [23] [24] [25] to test and control for any potential room temperature fixation or staining artefacts. The average size and shape of synaptic vesicles, and AZM macromolecules and their relationships were similar regardless of which method was used [20, 26] . However, as will be described below, staining by freezesubstitution makes apparent an assembly of macromolecules in the lumen of synaptic vesicles not evident after staining at room temperature. Detailed methods for tissue preparation, sectioning and collection of electron microscopy data have been described elsewhere; we used the software package EM3D (www.em3d. org) for reconstruction of volumetric datasets and generation of virtual slices, segmentation and rendering 3D surface models [17, 20, 21, 26] . Of particular importance for our studies was the magnification at which the data were collected; higher magnification results in better 3D spatial resolution. We routinely used magnifications between 50 000Â and 125 000Â. The axon terminals in the cutaneous pectoris muscles were electrically activated using the following scheme [20] . After the muscles were pinned out in a Petri dish containing Ringer's solution, a 5 mm stretch of the cut end of its nerve was drawn into a suction electrode.
Simultaneously, the Ringer's solution was replaced with iso-osmotic Ringer's solution containing glutaraldhyde and the nerve was stimulated at 10 Hz; stimulation was terminated after 2 min when all neuromuscular junctions were fixed.
Layout of the active zone at frog neuromuscular junctions
As shown by 2D electron microscopy on tissue sections, each active zone in an axon terminal at frog neuromuscular junctions occupies a narrow band on the presynaptic membrane that can be 1 mm or more long (figure 1; see also [14, 15, 17] ). The main body of the AZM extends throughout the length of the band. It is approximately 50 nm wide, projects up to approximately 75 nm from the presynaptic membrane at regular intervals, and rests in a shallow evagination in the presynaptic membrane, the active zone ridge. When examined in 3D using electron tomography, synaptic vesicles have three orthogonal diameters characteristic of an ellipsoid [26] . The three diameters vary from synaptic vesicle to synaptic vesicle, but the geometric mean of the diameters for each synaptic vesicle is similar, about 55 nm (+10%).
Flanking each side of the main body of the AZM throughout its extent is a row of synaptic vesicles. In resting terminals, more than 98% of the synaptic vesicles flanking the AZM are docked; i.e. there is no detectable gap between or merging of the vesicle membrane and presynaptic membrane, as determined by electron tomography [26] . Conventional electron microscopy on freeze-fracture replicas of the interior of the presynaptic membrane reveals that, along each slope of the active zone ridge, the presynaptic membrane contains a double row of macromolecules that parallels the rows of docked synaptic vesicles [15, 27] . The macromolecules are thought to include the active zone's Ca 2þ -channels and
Organization of active zone material macromolecules and their linkage to docked synaptic vesicles
Electron tomography shows that the main body of the AZM is composed of a network of macromolecules that fall into several distinct classes (figure 1b,d; [17, 20] ). Ribs, spars and booms lie in different layers nearly parallel with the presynaptic membrane and nearly orthogonal to the median plane of the active zone: ribs are adjacent to the presynaptic membrane along the slopes of the active zone ridge, while spars are deep to the ribs and booms are deep to the spars. Each of these classes arises from a different core macromolecule serially arranged vertical to the presynaptic membrane near the midline of the AZM: ribs arise from beams, spars from steps, and booms from masts. rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 370: 20140189 localize proteins known from biochemistry to be involved in the docking of synaptic vesicles to specific classes of AZM macromolecules. We have discussed elsewhere [20, 21, 26] how certain proteins shown to be involved with docking might be distributed among the AZM macromolecules. Of particular interest here is the location of the vesicle membrane proteins synaptobrevin and synaptotagmin and the presynaptic membrane proteins syntaxin and SNAP-25. Cytosolic portions of synaptobrevin, syntaxin and SNAP-25 [29, 30] interact to form a coiled-coil, the so-called SNARE core complex, which generates force [31] that overcomes the repulsive forces between the vesicle membrane and presynaptic membrane and brings the two membranes into contact during docking [2] [3] [4] 32] . The cytosolic portion of synaptotagmin is the vesicle membrane's Ca 2þ -sensor [33] [34] [35] [36] [37] . Spatial constraints and other considerations [20, 26] make it seem likely that the SNARE core complex is a component of pins and the proximal segment of ribs, i.e. the rib segment between the vesicle membrane and the peg proximal to it, while synaptotagmin is also likely to be a component of the proximal segment of the ribs. The frequency and distribution of the peg-presynaptic membrane connection sites is similar to that of the macromolecules in the presynaptic membrane seen in freeze-fracture replicas [17, 18] , indicating that the pegs are connected to the presynaptic membrane macromolecules and that they probably include the cytosolic portions of the presynaptic membrane's Ca 2þ -channels [38] and Ca 2þ -activated K þ -channels.
Topmasts and non-active zone material macromolecules
Topmasts extend from the deep end of masts to connect to nearby undocked synaptic vesicles [20] . The linkage of undocked synaptic vesicles to the AZM may increase their probability of replacing docked synaptic vesicles after the latter fuse with and flatten into the presynaptic membrane to be retrieved beyond the active zone for recycling [25, 39] . In addition to its connection to approximately 15 filamentous AZM macromolecules, a docked synaptic vesicle is connected to approximately 10 filamentous non-AZM macromolecules (figures 1b and 2; [20, 21] ), which link it to nearby undocked synaptic vesicles and other organelles. The non-AZM macromolecules connect to docked synaptic vesicles on the hemisphere facing away from the main body of the AZM [21] . They are similar in appearance to filamentous macromolecules that link undocked synaptic vesicles throughout axon terminals at frog neuromuscular junctions and at other synapses [40] [41] [42] [43] [44] [45] . The disassembly and reassembly of such linkages must play a role in the regulation of synaptic vesicle trafficking [46] . However, to date, there is no evidence that they play a direct role in guiding undocked synaptic vesicles to docking sites on the presynaptic membrane [20] .
Alignment and linkage of synaptic vesicle macromolecules to active zone material macromolecules
We observed that staining neuromuscular junctions with osmium tetroxide and uranyl acetate in acetone by freeze-substitution exposed an interconnected assembly of macromolecules in the lumen of synaptic vesicles not evident after staining at room temperature [21] . The luminal assembly occupies approximately 10% of the lumen's volume, and it has a chiral bilateral shape that is similar from synaptic vesicle to synaptic vesicle. Characteristically, irregular arms radiate from near the lumen's centre to connect by nubs to the luminal surface of the vesicle membrane ( figure 2 ). The number of nub connection sites on the vesicle membrane (approx. 25) is similar from synaptic vesicle to synaptic vesicle, and, at these sites, the nubs are linked to stained macromolecules that span the membrane. The nub connection sites on the luminal surface of the vesicle membrane are paired with, and linked by their transmembrane macromolecules to, AZM and non-AZM macromolecules at the connection sites of these macromolecules on the cytosolic surface of the vesicle membrane ( figure 2) . Thus, the synaptic vesicle proteins that interact with AZM macromolecules to mediate docking are not randomly distributed in the vesicle membrane but, rather, are situated in stereotypically arranged membrane macromolecules anchored by the luminal assembly. For docked synaptic vesicles, the orientation of the luminal assembly's shape, with respect to the presynaptic membrane and the median plane of the active zone, is similar from synaptic vesicle to synaptic vesicle, whereas for undocked synaptic vesicles there is no common orientation ( figure 3; [21] ). Thus, in order for undocked synaptic vesicles to dock they must rotate so the shape of the luminal assembly is properly aligned with the presynaptic membrane and median plane of the active zone. This enables the appropriate vesicle membrane macromolecules anchored by the assembly to interact with the different classes of AZM macromolecules. The predetermined arrangement of macromolecules in the vesicle membrane of undocked synaptic vesicles that are destined to interact with the AZM macromolecules during docking indicates that the fusion domain of the vesicle membrane is also predetermined. This raises the issue of whether or not the fusion domain of the vesicle membrane is in some way specialized for fusion with the presynaptic membrane [21] . The linkage of the luminal assembly to specifically arranged macromolecules in the vesicle membrane during docking also raises the problem of determining the fate of the luminal assembly after the vesicle membrane of a rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 370: 20140189 docked synaptic vesicle fuses with and flattens into the presynaptic membrane to be then retrieved elsewhere and reformed into a fully functioning synaptic vesicle. Such recycling can occur in less than 1 min [47] . It may be that when docked synaptic vesicles fuse with the presynaptic membrane, the shape of the luminal assembly is temporarily altered to accommodate the flattening of the synaptic vesicle membrane into the presynaptic membrane, but the assembly still helps maintain the relative positioning of the membrane macromolecules so that the docking of recycled synaptic vesicles can occur in such a timely manner.
Biochemistry indicates that proteins in the lumen of synaptic vesicles are portions of ones that span the vesicle membrane, such as synaptobrevin and synaptotagmin [48] . However, based on their primary structure, synaptobrevin, synaptotagmin and nearly all other transmembrane vesicle membrane proteins could extend into the lumen for only a small fraction of their diameter [49] [50] [51] [52] . On the other hand, the length of the luminal portion of the transmembrane protein SV2 is much greater than the diameter of the synaptic vesicle lumen [53] . Thus, folded luminal portions of SV2 are likely to serve as the luminal assembly's mainstay for the attachment of the luminal portions of the other transmembrane proteins.
Sequence of connections formed between undocked synaptic vesicles and active zone material macromolecules during docking
In order to observe the relationships between the different classes of AZM macromolecules and undocked synaptic vesicles in the process of replacing former docked synaptic vesicles that had fused with the presynaptic membrane during synaptic activity, we glutaraldehyde-fixed axon terminals for electron tomography while electrically stimulating the axons [20] . In such preparations, there were numerous docking sites at which the former docked synaptic vesicles had fused with and flattened into the presynaptic membrane so the vesicle membrane was no longer distinguishable from the presynaptic membrane. In all such sites there were nearby undocked synaptic vesicles. Those undocked synaptic vesicles approximately 25-40 nm from their closest point on the presynaptic membrane were connected primarily to the booms, while those approximately 15 -25 nm from the presynaptic membrane were connected primarily to booms and spars and those approximately 5-15 nm from the presynaptic membrane were connected to booms, spars, ribs and pins, in a manner similar to their connections to the different classes of AZM macromolecules when docked in resting axon terminals. These findings led to the conclusion that synaptic vesicle movement towards and maintenance at docking sites on the presynaptic membrane are directed by formation of an orderly succession of stable connections between the appropriate macromolecules in the vesicle membrane and the different classes of AZM macromolecules according to their distance from the presynaptic membrane (figure 4). Possible mechanisms for the movement of synaptic vesicles from booms to spars to ribs and pins are explained in [20] and [21] . After a docked synaptic vesicle fuses with the presynaptic membrane the proteins of the SNARE complex disassemble so that synaptobrevin in the vesicle membrane dissociates from the syntaxin and SNAP-25 of the presynaptic membrane [54] . Accordingly, if the SNARE proteins are components of the ribs and pins, as we suggest [20, 26] , a portion of the ribs and pins must disassemble from the AZM and remain with the vesicle membrane after it fuses with and flattens into the presynaptic membrane for recycling. Undocked synaptic vesicles would carry a portion of the ribs and pins to participate in complete rib and pin reassembly in the AZM as they become docked. We noted that the length of pins connecting undocked synaptic vesicles to the presynaptic membrane at vacated docking sites was in certain cases three to four times greater than the length of pins associated with docked synaptic vesicles [20] and that the pin length was directly proportional to the undocked synaptic vesicles' distance from the presynaptic membrane (figure 4). Accordingly, during synaptic vesicle docking, the pins, if not all AZM macromolecules that connect to the synaptic vesicles, undergo significant structural modification.
Priming and the positioning of Ca 2þ -channels
At typical synapses, a small proportion of docked synaptic vesicles fuse with the presynaptic membrane after the arrival of a nerve impulse. This has led to the concept that the fraction of docked synaptic vesicles that undergo fusion become primed by transitioning from fusion-incompetent to fusioncompetent [3, [55] [56] [57] [58] . It is generally accepted that for the vesicle membrane and presynaptic membrane to fuse they must be energetically destabilized at their contact site, and, with sufficient destabilization, the lipid bilayers spontaneously undergo a series of rearrangements to form a shared fusion pore [1] , but see [59 -61] . Thus, it is reasonable to expect that priming of docked synaptic vesicles for fusion with the presynaptic membrane involves the application of force to the vesicle membrane -presynaptic membrane contact site, which provides the energy to drive the local destabilization of the membranes towards fusion threshold. Such force might be generated, at least in part, by a regulated tightening of the coiled SNARE core complex [2] similar to that which brings the vesicle membrane into contact with the presynaptic membrane during docking. Moreover, any decrease in the distance of Ca 2þ -channels from the vesicle membrane-presynaptic membrane contact site that occurs after docking would be expected to increase the probability that Ca 2þ entering the cytosol through the channels will reach the vesicle membrane's Ca 2þ -sensors, synaptotagmin, to trigger the events that ultimately overcome the vesicle membranepresynaptic membrane fusion threshold [37, 58] ; a decrease in distance between the Ca 2þ -channels and Ca 2þ -sensors by as little as 5 nm may have a profound effect on synaptic vesicle fusion probability [62] . These mechanisms for priming, coupled with the concept of a docked synaptic vesicle switching from an unprimed to a primed state, have been directly or indirectly suggested from biochemical and electrophysiological studies [3, [55] [56] [57] [58] 63] . We searched for the structural correlates of priming among docked synaptic vesicles at frog neuromuscular junctions. We found in resting terminals that the extent of the vesicle membrane-presynaptic membrane contact area from docked synaptic vesicle to docked synaptic vesicle varies by more than an order of magnitude (from 50 to 650 nm 2 ) with a normal frequency distribution [26] . In muscles fixed during repetitive nerve stimulation, the frequency distribution of the vesicle membrane-presynaptic membrane contact areas was shifted to the left while from muscles fixed 1 h after such 2þ -triggered vesicle membrane-presynaptic membrane fusion. After a docked synaptic vesicle fuses with and flattens into the presynaptic membrane (blue and white stippled membrane), an undocked synaptic vesicle is directed towards and held in contact with the vacated docking site on the presynaptic membrane by a stepwise progression of stable interactions between it and multiple booms, spars and ribs of the AZM (colour-coded as in figure 1b) . Once a synaptic vesicle is docked it undergoes variable priming: the pins and proximal rib segments that link it to the presynaptic membrane shorten and lengthen in dynamic equilibrium (copper and gold double-headed arrows), generating variable force that brings about coordinated variation in (1) the extent of the vesicle membrane-presynaptic membrane contact area and the stability of the lipid bilayers at the contact site (double-headed black arrow), in (2) the proximity of proximal pegs and their associated calcium channels (double-headed green arrow) to the vesicle membrane's Ca 2þ -sensors and in (3) the synaptic vesicle's eccentricity (blue double-headed arrow) in the plane of the presynaptic membrane. Accordingly, docked synaptic vesicles are most primed when their pins and proximal rib segments are shortest, their vesicle membrane -presynaptic membrane contact areas are largest, their lipid bilayers are most destabilized towards fusion threshold, their associated Ca 2þ -channels are, on average, in closest proximity to it and they are most eccentric in shape. The membrane of docked synaptic vesicles that are most primed at the moment a nerve impulse arrives has the greatest probability of merging with the presynaptic membrane to form a fusion pore. Fusion occurs while the synaptic vesicle is still attached to the AZM macromolecules. Figure adapted from [20] and [26] .
rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 370: 20140189 stimulation the frequency distribution was fully recovered. Thus, docked synaptic vesicles with relatively large contact areas preferentially fuse with the presynaptic membrane during evoked synaptic activity and the frequency distribution of contact areas is dynamic and in equilibrium at rest. Positively correlated with the extent of a docked synaptic vesicle's contact area at rest, is the extent of the synaptic vesicle's overall ellipsoid shape, the long diameter running parallel to the presynaptic membrane and orthogonal to the main body of the AZM, indicating that variable force is being applied to docked synaptic vesicles towards the presynaptic membrane and the midline of the AZM. To examine the origin of this force, we measured the length of the pins and proximal segments of ribs per synaptic vesicle (figure 4), which link the vesicle membrane of each docked synaptic vesicle to the presynaptic membrane near the contact site, and found that the average length of each class of AZM component is negatively correlated with the extent of a docked synaptic vesicle's contact area, as is the average displacement of the rib's proximal peg and the associated presynaptic membrane macromolecule towards the vesicle membrane-presynaptic membrane contact site.
Taken together, our findings lead to a hypothesis for the priming of docked synaptic vesicles at frog neuromuscular junctions based on continually variable AZM-mediated forces (figure 4; fully discussed in [26] ). Accordingly, after a synaptic vesicle docks, as a result of its vesicle membrane forming connections to multiple pins and ribs [20] , each of the pins and proximal rib segments independently shortens and lengthens in dynamic equilibrium, while vesicle membrane -presynaptic membrane contact is maintained. The shortening of the pins and the proximal rib segments applies force to the docked synaptic vesicle, which increases the eccentricity of its overall shape, and to the vesicle membrane -presynaptic membrane contact site, which brings about an increase in the vesicle membrane -presynaptic membrane contact area, delivering energy that drives the local destabilization of the membranes' bilayers towards the fusion threshold. Force provided by shortening of the proximal segments of the ribs also brings about the selective displacement of proximal pegs and their associated presynaptic membrane macromolecules, which include Ca 2þ -channels, towards the vesicle membrane-presynaptic membrane contact site and the nearby synaptotagmin. This would increase the probability of the Ca 2þ that enters the cytosol through the channels reaching synaptotagmin at a concentration necessary to trigger the events that ultimately overcome the vesicle membrane -presynaptic membrane fusion threshold [37, 58] . Moreover, Ca 2þ influx through these channels might be enhanced by increased mechanical force on them, as has been shown for voltage-dependent K þ -channels [64] . Thus, according to our hypothesis, the priming of a docked synaptic vesicle for fusion with the presynaptic membrane is not a binary transition from an unprimed state to a primed state, as suggested by others [3,55 -58] . Rather, it is an energetic manifestation of continually varying AZM-mediated forces exerted on the vesicle membrane -presynaptic membrane contact site and its associated Ca 2þ -channels. The SNARE core complex is thought to tighten (shorten) and loosen (lengthen) in dynamic equilibrium and, thus, if it is a component of proximal rib segments and pins, as we suggest, it may well provide the priming force. As an extension of our hypothesis, the relatively few docked synaptic vesicles at resting frog neuromuscular junctions that fuse with the presynaptic membrane when a nerve impulse arrives [24, 65] are mostly, if not entirely, among those primed to the greatest extent at that moment. Moreover, because the membranes at the vesicle membrane -presynaptic membrane contact sites having large contact areas would be more energetically destabilized and, therefore, closer to fusion threshold than those of other vesicle membrane-presynaptic membrane contact sites, they may also have a higher probability of spontaneously fusing as a result of, for example, thermal fluctuations in the membranes. This might account for most, if not all, of the spontaneous vesicle membranepresynaptic membrane fusions detected by electrophysiology as miniature endplate potentials at resting neuromuscular junctions [66] .
Comment
The proteins directly involved in the docking of synaptic vesicles and the Ca 2þ -triggered fusion of docked synaptic vesicles with the presynaptic membrane are thought to be similar for all synapses. At all synapses in vertebrate and in invertebrate nervous systems where AZM relationships have been examined by electron tomography, the AZM links synaptic vesicle membranes to the presynaptic membrane [17, 19, 44, 45, 63, [67] [68] [69] [70] [71] . Although it is not known whether AZM macromolecules are connected to PM macromolecules thought to include Ca 2þ -channels at neuron-to-neuron synapses, as at frog and mouse neuromuscular junctions [17, 19] , conventional electron microscopy has shown that the AZM is very near such macromolecules [72, 73] . Thus, our findings on the structure of the active zone at frog neuromuscular junctions make it likely that the SNARE core complex, synaptotagmin, and the cytosolic portions of Ca 2þ -channels are common constituents of AZM at all types of synapses even if there are differences in the number, size, and shape of AZM patches and in the positioning of their associated docked synaptic vesicles [9] . Such gross differences together with any differences in the organization and relationships of AZM macromolecules accompanying them may subserve synapse-specific requirements for effective chemical transmission of nerve impulses from the presynaptic to postsynaptic cell [19] . For example, the structural organization of the AZM may influence the number of synaptic vesicles that can dock at an active zone, the rate and efficiency of docking and priming, and the Ca 2þ -triggering of synaptic vesicle fusion with the presynaptic membrane during synaptic activity. The methods we have used for characterizing the role of AZM in the function of active zones at frog neuromuscular junctions can be used for the same purpose at any synapse. Authors' contributions. All authors contributed to writing and revising the article critically for intellectual content.
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